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INTRODUCTION 

It  is  necessary  to  continue  to  search  for  improved  and  more  rapid 
procedures  for  estimation  of  amino  acid  content  of  the  cereal  proteins. 
The  importance  of  knowing  the  amino  acid  content  was  pointed  out  in  the 
fundamental  studies  of  Osborne  and  Mendel  (19llt)  which  led  to  the  reali- 
zation that  the  nutritional  value  of  protein  is  dependent  upon  the  content 
of  the  amino  acids  required  for  growth,  maintenance,  and  other  metabolic 
functions.  It  is  also  important  to  have  a  knowledge  of  cereal  proteins 
because  their  unique  physical  properties  and  contributions  to  kernel 
structure  are  significant  factors  in  processijig.  Extensive  technologies 
have  been  developed  in  milling,  baking,  malting  and  feed  formulation 
which  require  a  knowledge  of  the  effect  protein  and  its  constituents 
have  upon  the  product. 

The  purpose  of  this  study  was  to  investigate  the  relationship  of 
dye  binding  capacity  of  intact  wheat  protein  to  the  amino  acid  composi- 
tion. Methods  for  rapid  estimation  of  amino  acid  composition  would  re- 
sult in  faster  and  more  economical  procedures  for  estimating  protein 
quality  or  processing  characteristics. 

Amino  acid  analyses  were  accomplished  by  acid  hydrolysis  and 
separation  by  ion  exchange  chromatography.  Determinations  were  made 
for  the  following  amino  acids:  lysine,  histidine,  arginine,  aspartic 
acid,  threonine,  serine,  glutamic  acid,  proline,  glycine,  alanine,  half 
cystine,  valine,  methionine,  isoleucine,  leucine,  tyrosine,  and  phenyl- 
alanine. 

The  capacity  of  the  wheat  protein  to  absorb  dye  was  measured  by 


using  coloritnetric  methods  to  estimate  absorption  of  acid  orange  12, 
The  procedure  and  equipment  used  was  designed  to  estimate  total  protein 
content.  Therefore,  the  procedure  was  considered  to  be  appropriate  for 
attempting  to  find  relationships  between  dye  absorption  and  the  amino 
acid  composition,     •   • 

REVIEW  OF  LITERATURE 


Comparisons  of  Amino  Acid  Concentration  Between 
Wheat  and  its  Flour 


The  amino  acid  composition  of  flour  and  wheat  protein  has  for  many- 
years  been  compared  to  determine  the  effect  of  milling  on  the  protein 
content.  This  was  done  in  an  attempt  to  define  quality  and  to  account 
for  the  differences  found  in  various  mill  products.  Barton-Wright,  et  al., 
(19U6)  studied  the  distribution  of  amino  acids  within  the  wheat  grain. 
They  found  that  apart  from  the  germ  there  is  a  rising  gradient  of  amino 
acids  from  the  center  to  the  outside  of  the  grain.  However,  the  concen- 
tration in  the  protein  of  the  bran,  with  the  exception  of  arginine,  lysine, 
and  tryptophan,  is  less  than  that  in  the  center  endosperm.  Pence,  et  al., 
(I96U)  also  reported  differences  in  fractions  of  wheat.  Greater  propor- 
tions of  lysine,  glycine,  arginine,  alanine,  and  aspartic  acid  were  found 
in  fractions  containing  germ  and  bran.  Concentrations  of  glutamic  acid, 
proline,  and  phenylalanine  were  high  in  the  flour  fraction.  Essentially 
the  same  thing  was  found  by  Hepburn,  et  al.,  (I960)  when  comparing  the 

f 

whole  wheat  and  flour  fractions.  Hepburn,  et  al,,  (1957)  reported  the 
protein  of  flour  contained  less  lysine  i2h%)y  arginine  (19^),  aspartic 
acid  (19^),  glycine  {11%),   alanine  (Ih^),  threonine  (7^),  and  tryptophan 


{6%)   when  compared  to  whole  wheat  protein.  Substantial  increases  in 
glutamic  acid  (21^),  proline  (19^),  phenylalanine  (11^),  isoleucine 
(9^),  leucine  (8^),  serine  (8^),  cystine  {!%),   and  tyrosine  (5^)  were 
also  found.  Horn,  et  al.,  (1958)  also  found  these  differences  when 
they  made  an  amino  acid  study  of  flour,  bran,  and  shorts. 

Effect  of  Variety  on  Amino  Acid  Concentration 

Several  studies  have  been  conducted  to  determine  differences  in 
amino  acid  content  of  the  protein  as  affected  by  varieties.  Miller,  et 
al.,  (19^0),  Pence,  et  al.,  (19^0),  Hepburn,  et  al.,  (1957),  Lawrence, 
et  al.,  (1958),  and  Simmons,  (1962)  have  all  studied  the  effect  of 
variety  and  have  concluded  there  are  only  -small  differences. 

Effect  of  Protein  Concentration  on  Amino 
:  Acid  Distribution 

The  amount  of  the  various  amino  acids  in  protein  appears  to  change 
as  the  total  protein  content  varies.  That  is  to  say,  the  percentage 
distribution  of  amino  acids  in  cereal  protein  changes  as  the  total 
protein  content  increases  or  decreases.  This  effect  has  been  reported 
by  several  workers  when  comparing  lysine  level  to  protein  content, 
Lawrence,  et  al.,  (1958)  found  the  lysine  content  of  protein  to  be  a 
function  of  the  logarithm  of  the  total  protein.  An  equation  was  calcu- 
lated for  the  regression  line  when  plotting  percent  lysine  in  protein 
versus  percent  protein.  A  regression  line  calculated  for  lU3  samples 
containing  less  than  13.5^  protein  had  a  correlation  coefficient  of  0.73. 
The  correlation  coefficient  was  nonsignificant,  however,  between  lysine 


and  protein  for  samples  contaijiing  more  than  13.5^  protein.  McDeraott 
and  Pace  (I960),  McElroy  et  al.,  (19U9),  Simmons,  (1962)  and  Price  (1950) 
also  reported  an  inverse  relationship  between  the  lysine  content  and 
percentages  of  protein.  Hepburn  and  Bradley  (1965)  observed  the  amounts 
of  several  amino  acids  showed  an  inverse  relationship  to  the  protein 
content.  However,  it  was  noted  that  glutamic  acid,  phenylalanine,  and 
proline  varied  as  the  protein  varied.  Histidine,  isoleucine,  and 
tyrosine  had  the  least  tendency  to  be  related  to  protein  content.  Miller, 
et  al.,  (19^0)  reported  differences  in  the  percentages  of  cystine  and 
methionine  in  wheat  protein  due  to  environment.  Similar  differences 
were  not  observed  with  lysine  or  glutamic  acid.  It  was  also  noted  that 
wheat  having  greater  amounts  of  cystine  in  the  protein  required  a  longer 
mixing  time  for  optimal  dough  development. 

Acid  Hydrolysis 

Before  an  amino  acid  analysis  can  be  carried  out,  hydrolysis  or 
cleavage  of  the  peptide  bonds  of  the  protein  is  necessary.  The  procedure 
for  sample  preparation  does  not  remove  the  carbohydrate  portion  of  the 
kernel  before  hydrolysis  takes  place.  The  effect  of  large  amounts  of 
carbohydrate  on  the  recovery  of  amino  acids  from  protein  of  cereal  grains 
has  not  been  extensively  examined.  Roxas  (1916)  reported  some  evidence 
which  showed  that  the  ck  -amino  groups  of  arginine,  histidine,  lysine, 
and  tryptophan  take  part  in  the  reaction  with  sugars.  It  was  also  shown 
that  in  tyrosine  the  reactive  group  is  presumably  the  hydroxyl  group  and 
surely  not  the  c<  -amino  group.  In  cystine  the  a -amino  group  remained 
intact  so  that  presumably  the  reaction  Tras  with  the  mercaptan  group. 


Arginine,  histidine,  and  tryptophan  was  found  to  react  more  readily 
•with  sugars  in  weak  acid  than  in  strong  acid  solutions.  Dustin  (1953) 
reported  the  recovery  of  amino  acids  after  acid  hydrolysis  was  in  no 
instance  lowered  more  than  3%  by  addition  of  carbohydrates.  One  to  two 
gram  pi-otein  samples  were  hydrolyzed  in  the  presence  and  absence  of 
carbohydrate  for  22  hours  with  200  ml  of  6  N  hydrochloric  acid.  The 
amino  acids  recovered  w6re  aspartic  acid,  threonine,  serine,  glutamic 
acid,  alanine,  glycine,  tyrosine,  valine,  isoleucine,  leucine,  proline, 
histidine,  lysine,  arginine,  and  phenylalanine.  Drawert  and  Reuther 
(1963)  studied  phenol  as  a  humification  inhibitor  in  protein  hydrolysis. 
Finely  ground  50-mg  samples  of  grape  leaves  and  vine  were  heated  for 
five  minutes  at  $0-6o°C  in  the  presence  of  U  ml  of  80^  phenol.  The 
mixture  was  then  hydrolyzed  in  a  sealed  tube  with  6  ml  of  10  N  hydrochloric 
acid  for  20  hours  at  105°C.  The  resulting  solution  was  extracted  with 
ether.  The  ether-phenol  solution  was  extracted  with  water  and  the 
analysis  was  made  on  the  water  soluble  fraction.  The  amino  acid 
values  obtained  with  the  use  of  phenol  as  an  inhibitor  were  considerably 
higher  than  those  obtained  without  the  additive. 

Limited  data  have  been  reported  on  the  effect  of  acid  concentration 
on  the  hydrolysis  of  protein.  The  chromatographic  analysis  of  Hepburn 
and  Bradley  (1965)  showed  no  difference  in  the  use  of  U  N  and  6  N  hydro- 
chloric acid  in  the  hydrolysis  of  wheat.  These  results  also  agreed  well 
with  those  of  microbiological  methods.  Chromatographic  analysis  of  2k- 
hour  hydrolyzates  resulted  in  lower  serine  values  than  those  found  by 
microbiological  assay.  Serine  values  approached  those  obtained  by  micro- 
biological assay  when  the  samples  were  hydrolyzed  for  eight  hours  with 


U  N  hydrochloric  acid.  However,  the  values  for  most  of  the  other  amino 
acids  were  lower  due  to  incomplete  hydrolysis. 

Dye  Absorption  Determination  of  Protein  Content 
of  Wheat  and  Wheat  Flour 

The  use  of  dye  binding  techniques  for  rapid  quantitative  estimation 
of  protein  has  attracted  considerable  attention.  Udy  (195U,  1956)  esti- 
mated the  total  protein  content  of  wheat  and  v*eat  flour  by  measuring  the 
concentration  of  unbound  orange  G  dye  colorimetrically  at  U85  m/x.  It  has 
been  reported  that  basic  groups  on  the  protein  molecule  react  with  the 
dissociated  sulfonic  acid  groups  of  orange  G  dye,  at  a  low  pH,  to  form 
an  insoluble  protein-dye  complex.  The  correlation  coefficient  for  the 
regression  of  percent  protein  and  the  rag  of  dye  bound  per  gram  of  ground 
whole  wheat  was  0.992.  The  standard  error  of  estimate  was  0.22^.  Like- 
wise for  wheat  flour  r  =  0.997  and  the  standard  error  of  estimate  was 
0.20^.  The  regression  line  was  found  not  to  pass  through  the  origin. 
This  suggested  that  constituents  other  than  protein  were  binding  dye. 
Further  studies  indicated  starch  would  bind  approximately  U.6  mg  of  dye 
per  gram  at  pH  2.2.  Fraenkel-Gonrat,  et  al.,  (19UU)  reported  analytical 
methods  for  the  determination  of  the  total  acid  and  basic  groups  of 
proteins  based  upon  the  ability  to  combine  with  dyes  in  buffered  alkaline 
or  acid  solutions.  These  authors  concluded  the  number  of  basic  groups 
binding  orange  G  at  pH  2.2  represented  the  sum  of  the  guanidyl,  imidazole, 
and  free  amino  (^'-  and  C-)  groups  of  proteins.  Earlier  work  by  Rawlins,' 
et  al.,  (1927),  and  Rawlins  and  Schmidt  (1929,  1930)  indicated  the  capacity 
of  proteins  to  combine  with  dye  could  be  correlated  with  the  content  of 


the  free  basic  groups  of  arginine,  lysine,  and  histidine. 

MATERIALS  AND  METHODS 
Kjeldahl  Protein  Determination 

Wheat  and  Flour  Samples,  Hard  Red  Winter  and  Northern  Spring  wheat 
samples  were  composited  by  variety  from  equal  portions  of  wheat  from  the 
1963  crop.  Samples  of  Pawnee  (II669),  Comanche  (11673),  Qv-Tra  x  Mql-Oro 
(12995),  Chief kan  x  Tenmarq  (^01097),  and  Chief kan  x  Tenraarq  (501099) 
were  from  Clovis,  New  Mexico;  Lincoln  and  North  Platte,  Nebraska;  Fort 
Collins,  Colorado;  Stillwater,  Cherokee,  Goodwell,  and  Woodard,  Oklahoma; 
Bushland  and  Chillicothe,  Texas;  and  Garden  City,  Hays,  Colby  and  Man- 
hattan, Kansas.  Yogo  (8033)  and  Warrior  (13190)  were  from  Hymore  and 
Brookings,  South  Dakota,  St.  Paul  and  Crookston,  Minnesota;  and  Huntley, 
Bozeman,  Havre,  and  Moccasin,  Montana,  Karmont  (670O)  was  from  Huntley, 
Bozeman,  Sidney  and  Havre,  Montana.  Thatcher  (10003),  Selkirk  (13100), 
Marquis  (26Ul),  Lee  (12U88),  and  Pilot  (llii28)  were  from  Brookijigs, 
Eureka,  Ifymore  and  Newell,  South  Dakota;  Dickenson,  Fargo,  Minot  and 
Williston,  North  Dakota;  Morris  and  Crookston,  Minnesota;  and  Havre, 
Huntley  and  Bozeman,  Montana.  Single  samples  of  Soft  Red  Winter  (Seneca, 
12529)  Durum  (Wells,  13333,  reg,  U03)  and  White  Club  wheat  (Omar,  13072, 
reg,  377)  were  obtained  from  agricultural  experiment  stations  in  Wooster, 
Ohio,  Fargo,  North  Dakota,  and  Pullman,  Washington,  respectively. 

Analytical  determinations  of  wheat  were  made  on  samples  ground  on 
a  Micro-Wiley  mill  to  pass  a  UOwnesh  sieve.  Straight  grade  flour  samples 
were  obtained  by  milling  the  wheat  on  a  Miag  "Multimat"  experimental  mill. 


Kjeldahl  protein  determinations  were  made  on  the  wheat  and  flour  samples 
according  to  AACC  methods  (1962), 

.  Dye  Absorption  for  Protein  Determination 

Dye  absorption  -mas  determined  using  dye  and  equipment  obtained  from 
the  Udy  Analyzer  Company.  The  reagent  dye  used  was  acid  orange  12  in  a 
phosphate  buffered  system  at  pH  1.7.  One  gram  samples  of  flour  and  0.8 
gram  samples  of  iwheat  were  weighed  and  placed  in  a  reaction  chamber  with 
UO  ml  of  the  reagent  dye  solution.  The  mixture  was  reacted  for  three 
minutes  with  vigorous  shaking.  The  mixture  was  then  transferred  to  a 
squeeze-type  polyethylene  bottle  fitted  with  a  fiberglass  filter  disc 
in  the  dropper  cap.  Light  transmittance  through  the  resulting  dye  solu- 
tion was  read  on  the  colorimeter  as  the  filtrate  was  transferred  drop- 
wise  into  the  flow-through  cuvette.  The  colorimeter  was  previously 
calibrated  to  32$  transmittance  with  a  reference  dye  solution. 

Amino  Acid  Analysis 

Acid  hydrolysis  was  used  in  the  preparation  of  samples  for  amino 
acid  analysis.  Private  Communication  (1963).  In  this  procedure  test 
tubes  were  narrowed  after  the  addition  of  100  mg  of  sample.  Then  6  N 
hydrochloric  acid  was  added  at  the  rate  of  approximately  1  ml  per  10  mg 
of  protein.  A  vacuum  was  pulled  on  the  tubes  which  were  in  a  dry-ice 
alcohol  bath.  The  tubes  were  sealed  while  under  the  vacuirai.  Contents 
of  the  tubes  were  hydrolyzed  at  110°C  for  22  hours  and  filtered 
through  a  fritted  disc  funnel  to  remove  the  insoluble  hvimin. 


The  filtrate  was  evaporated  to  dryness  three  times  under  partial  vacuum 
and  then  diluted  to  10  ml  with  0.2  N  sodium  citrate  buffer,  pH  2.2. 
All  hydrolyzates  were  stored  at  -20°C  until  analyzed.  The  hydrolyzates 
were  carmel-colored  indicating  the  presence  of  a  small  amount  of  humin 
material.  Amino  acid  analyses  of  the  hydrolyzates  were  made  following 
the  procedure  of  Spackman,  et  al.,  (19^8)  and  Moore,  et  al,,  (19$8)  using 
a  Beckman  Model  120B  Amino  Acid  Analyzer, 

-  ''         RESULTS  AND  DISCUSSION 

Comparisons  of  Varieties 

The  amino  acid  composition  of  the  eight  composites  of  Hard  Red 
Winter  wheats  and  their  straight  grade  flours  are  summarized  in  Tables 
1  and  2.  Values  are  reported  as  grams  of  amino  acid  per  100  grams  of 
protein  calculated  from  the  amino  acid  analyzer.  •'■  The  small  differences 
found  among  the  eight  varieties  might  be  caused  by  varietal  effects  or 
might  be  due  to  the  different  levels  of  protein  content  between  varieties, 
Hepburn  and  Bradley  (1965)  observed  that  the  concentrations  of  several 
amino  acids  changed  with  a  change  in  the  protein  level. 

The  amino  acid  composition  of  the  five  wheat  composites  of  Northern 
Spring  varieties  and  the  composites  of  Soft  Red  Winter,  White  Club  and 
Durxun  classes  is  reported  in  Table  3.  The  composition  of  the  straight 
grade  flours  from  these  iriieats  is  summarized  in  Table  U.  These  values 


Protein  is  the  total  grams  of  amino  acids  and  ammonia  accounted 
for  by  the  amino  acid  analyzer. 


10 


<D 

CJ 

f<\OsaxOfnoo-d-oovO  ro-=f  <^<^  ?  ^^'^i?^ 

3 

o 
o 

• 
H 

Sf»^-Lr\_=l-  Csr-XACvjiA  OlA_:JCo  C^'  _3vOvOlJ^\ 

CJCJO^_a-3CO_=rCJO_=tO^CJ_3rHrAvOH-a 
r^  rH 

On 

o\ 

iH 

> 

5 

o 

U 

< 

o 
o 

g 

^ 

CO 

■LA 

c — 

CKrA  CJ  O  r-  r^vO  CJCO"LAHH-LAC;rf^>OON^- 

^-^ 

•rl 
O 

CO 

CO 

CVJ 

CO 

• 

vO 

CJCJf«^_=r-=fCJ_=l•<'^H^AC^CJ_=rr^^^^Or^_3 

CO 

•H 

c 
o 

g 

to 

H 

C^H 

a 

2      o  ''■^ 

o 
c 

•H 

_rt 

^-fr^,coo^Or-Ho^o^-HO^-vg  oa  J^r^^r 

CO 

Q)         On  Q 

E-i         rH  O 

-— ^CA  r- 

X  rA  rHvO 

S 

c^ 

o 

tt)_^r-_::fCKC^Vf\,:3C^CN_=f-C/H  H_=rvOXAr^\ 

"B 

CO 

co 

• 

OJCJ  f<^^3_=rCJ_:3CJ  OcAf^CJ-J-  rH  rA^O  rH-:I 

CO 

c  o 

rtCO    ^.  4S 

«H 

H 

(^  r-i 

(0 

o 

•H 

^  w   O    C 

en        .HO 

n 
B 
CO 

vO 

lA 

NO 

-t  OO  CJ  XA  CJ  _rr  C^  O  C~-  C~-  C~--3^  c^  V—  f^  O  cr\  c^ 
■^^•LACv^O  OvO  r^vf^CVi  C-CDIArA-LACO  C-VO 

o 

CO 

0)  o  fH  e 
•H  cio  ^  ;^ 
x;  o  CO  CO 

CO 
CO 

• 
CJ 

CJ  CVJ  c^,:3"tAr^-=t  00_;jr^CJ_=fHr^vOH_=r 

o 

O    SM^    « 

• 

H 

c^  f^                                ,            , 

1    1    1    1 

•p 

• 

CO 

lAvo  r-co 

CO 

o 

UN 

O 
H 

[--  C--  rAvO  CO  CJvO  r-  OsvO   OrAfACVlH   OCAJ- 
vO  c^r-CJ  C\P-_=rVA"LAONONCJ  AJ  H-UvOvO^vO^ 

o 

CO  CO  CO  OO 
CJ   CJ  CJ  CJ 

^_^ 

N: 

CO 

CVJ 

O 

vO 

OJCJc»^_:J_3Cvj_d-CJ  OrArACJ-::IHrAvOr4-:J 

CO 

e 

CO  . 
•H 
CO 

^ 

H 

cAi-l 

f- 

0} 

CO 

^-nOs 

CO 

•g 

■  .  .  ■         '  ■  ■\   \'  ■ 

s 

■LA  O 

^ 

•H 

CA 

\Af-  0-3^00  CJ  CNlA'LAC^CO  OA-:?  O  CA  O  O  "LA 

bO 

0\  r-i 
0\  O 
CJlA 
rH--' 

1- 

• 
■LTv 
H 

vO  CAVO  rACNr-_3^cOvO  Os_^_3^r-i  CVJ  CAUVr-vO 

CJCVJfA-3'_;ICVJ_d-CjO0ArACVJ_3'rHrAvOrH-3' 
rA  H 

-p 

a 

HO 

c 

O    U 

u 

t 

CO 

^ 

O 
OO 

vO-=rcO,3-CJ-LAOcOJ-l-ACArAvO   AjJ-Or-\A 
CO  fA"l-A\ACNr~-vO_3fAO-3V\r-.   CV,  rAvOC^l-A 

•H 
73 

CA  o   g 

0\vO   r-i    <D 

CO 

O 

CO 
C\J 

• 

AJCJ(^^_3^CJ_:ICjO_:3rACVl_=tHrAvOH-:3 
OA  H 

CO 

vO   rH    O'Ei 
•       r-i  ^-^          ?S 

^          '-'        ^      ^      r. 

O      ^-^  0)    _    C 

•H 

C 

o 

xrs 

CJCO  OH  CJfAO_:irACO_:jrAOvO  CjoocjvO 

Xi 

IS!         x:  S  CO 

>5       Q)    O  H  Jsi 

o 

•H 

CJ 

o. 

s 

c — 

• 

•P 

•H 
10 

o     . 

1? 

CO 

CJ 

• 

r-i 

CJ  CO  CA-d-fA  C0_:IrAO_=tCACVj_=rHrANOrH-=r 
PAH 

•H 
CO 
-p 

CO     CO  o  >  x: 

•LA 
X 

• 

•§ 

0-.  o  0*0 
"O            ... 

Z 

J- 

•H          1      i      1      1 

•S 

S-H 

r-i 

C— 

w 

CO 

cc       rH  CJ  CA-^ 

acid 
prote 

CO 

CJ 

• 

CJCJcA-^l-AOJ-d-H   OJTACJ.^rHrAVOrH_=r 
rA  <--i 

c 

CO  CO  CO  CO 
O       CJ  CVJ  CVJ  CJ 
C 

Amino 
grams 

0 

.3:           «3;               •H       0)  Q>            c 

-P     CO 
C 
O    O 

ox:      M 

43         0) 

^ 

s 

fi 

0)                       ©                                   43CC                 CO 

•M 

>>     -P 

0} 

• 

3c 

c       <D  o  c       o                CO       -d  •'-'-„  2  "i 

0) 

XI        Q) 

2 

r-l 

H 

c 

n^<OC   'H-H          .H0<Da)>»          CO^CCO 

+2 

•rl 

S 

•H 

(D-Cl-H-ri-PCmSCCCOgg^C-HH 

o 

^1        U 

O 
rH 

0) 

^ 

C   -H    C    C    f^    O    C    CO  -H  -H  'H           C   -H    0)   -H    CO    >» 

t 

O        CO 

^ 

^ 

Xl 

u 

O 

wco  gMO.^^  :^P>>'^'-'rJ1f,  °  ?,  5^2 

* 

^ 

X 

CO 
E-t 

^ 

!>,.H  1  f^  cox:  <»'H^H'-<i2i?^w  S  ,>??? 

* 

' 

• 

n 

Q) 

c>- 

oo  O^-co  Oco-^CMCO  OHcnqsr^cor^ONOO 
O  H  o\cooo'Lr\'Lr\.^^o-=f  OnVa  O  oo\A  t~-r^oo 

-d 

u 

&0 

r^ 

<D 

o 

CO 

• 

-P 

fX 

^^ 

-^ 

e\JcJrof«Ar^cJ-3UNHr^C0C\j_3<-lf«^sO  H.^ 

c 

'~^ 

0) 

H 

C-v  H 

g 

On 

•rl 
O 
CO 

> 

< 

' 

O 

o 
o 

CO 

rH 
O 
\A 

o 

O 

oo  OJ  r^OsOO  H  H_3oO  ONiHlAr-vOvO  r-Hco 

CO 

^^ 

c 

•H 

C30 
CX3 

• 

0\O00OC~-1-fMX\00i— iOvjCOHO\r-llr\vOf^O\ 

•ri 

P" 

6 

00 

u\ 

HOOf^r<^r^oo_=fvO  oor^OJOOr^Ho^vOH.j3 

O 

^ 

■ 

to 

H 

0-^  H 

6 

to 

o 

CO 

g         O  ''^ 

Q)         On  O 

OO 

COvO  CVJC— oo  rH  OOOlAONOIAf^-^-'OVfMAOs 

Xi 

EH         HO 

m 

S 

CO 

co 

• 

O  O  r-rHC0v0"IJNr~-3'-^O00  OO  OJvO  r--_:JvO 

c 

CO 

oo 

l5 

CO  cvj  o^cnr^co-:?-;:  rH  f»~\r^r^_SrH  cnvO  rH_3 

to 

r^^ — > — 
CO,      , 

M 

■o 

CO  OO    Jh  -P 

•H 

^  ^ — ^  O    C 

O 

Ch          -HO 

;-. 

C^ 

vO-CJONOOCOc^r^OrH-avO-a-vOIACOr^OsCN 
O  OvO  rHoOCO\AvOvO-=fOr-f^c^vO  OvCOvO 

CO 

Q)    O    ^^    S 

o 

CO 

oo 

o 

• 

o 
c 

•r\    i^   U    U 
J2    O    CO    CO 
O   JM  ^  « 

Cm 

t-i 

s 

1      1      1      1 

-P 
CO 

CO 

•LfWO   C>-0O 

l-t 

<v\-Lf\vOaOvO  l>-n^_rJ_:3^vO'Lf\r^vO  f^JdT^oO  H 

«H 

OO  CO  COCO 

•i 

oo 

00 

• 

C0_3-vO"l-rNC^_3C^  C  C^CMOO  Co  ONrHVNlArACO 

O 

CO  CO  oo  00 

to 

oo 

■Lf\ 

O0O0_^r^fnO0_::J'UNrHc^OJCMf»^rHr^vOrH_3 

CO 

•rl 

^ 

H 

r^  rH 

2 

^~^ 

to 

<D 

CO 

r~- 

CO 

•P 

c 

u 

^^On 

^ 

bO 

XA  O 

■LPv 

c^CNOOrH  O  OCO  O  Or^OOvO_:Jv£>1-fNO  OvO 

0\  r-\ 

0) 

^ 

• 

CnO  OrHOOUNl-rNC— c0r^00-3OCVJ\rv0O0^CO 

0) 

On  O 
OOlA 

Jh 

OJ 

■^ 

rH  (M_:3C^r^<M_zfLf\rHmO0CJ_:JrHr^vO  rH  ^ 

•p 

H^-' 

<H 

ca 

^ 

M 

C 

!1> 

c 

o  u 

U 

tj 

•H 

^"^  ^    CO 

0 

^ 

vO 

C0rHONCOfnCJI>-vO   Ov0C~-O\r-rHr^rHv00^ 

-d 

(^  o   g 

•P 

CO 

r^ 

On 

O  O  onojoovO  c— r^r^iAcor^ONOoXAr-c^oo 

TJ 

'-^I^-    1    c 

(0 

tc 

oo 

• 

•       •••a«****»*«**«*' 

CO 

OnvO  rH    Q) 

•H 

00 

cf\ 

OOCVJfncn<^CO_a1AH(^OOCOtnrHc»>vOrH_3- 

NO  H    O-E-. 

O 

ch 

r-\ 

(*\  H 

>^ 

• 

^,   '"'    ^    v^ 

6 

o 

,Ci 

0) 

H          « 

—                1 

g 

73 

N 

^^  (1)          C 

o 

8 

O_3'0sOMD   r^rHc^CMCOcv^iCOtv^COlAvOT-rNrH 
OnCco  OvOIXxvO  Ooo_:Joor^O  rHV\vO_=fO 

0) 

>^ 

J2    6   CO 

r- 

•H      • 

oo 

c 

rH 

0)    O   Eh  -id 

• 

-P  --^ 

oo 

• 

•      ••••••••••o«**«ft* 

•H 

CO 

(DC          'H 

lA 

•H  * 

oo 

■LfN 

rHCOr^r^r^co_;fvO  rHr^C0O0_:ji-lc^vO  rHXA 

CO 

C 

£    2      '     5 

m   c 

H 

r^  rH 

•P 

CO 

^6          -H 

><! 

O  iH 

^ 

CO    O    >•  X 

P^   05 

^ 

-o 

Oh  O   OfO 

S 

B  -P 

O    O 

O 

O  OOO  f^COIAVi'NvOH-Cj  CnvO  O  CJ -LP,  t^UwO 

to 

•H 
O 

■      III 

C 

O    U 

H 

OO 

CO 

CO 

•H 

(X 

OO 

• 

•  .••••••••••••••••• 

^ 

rH  00   r^_3 

Q) 

•o 

oo 

_3 

(MC0r^c^r^C0_:3\ArHf^O0C0_;JrHr^vO   rH_=f 

O 

oo  OO  CO  CO 

•P 

•rl     CO 

f-H 

f^  H 

■p 

c 

CM  (NO   CO  CO 

O 

o   G 

C 

•H 

U 

CO    CO 

Q) 

6 

pL. 

U 

' 

-P 

CO 

o  bO 

' 

C 

H 

C 

o 

OJ 

•  « 

^ 

•gs 

% 

•O                TJ                                                             © 

o 

X 

to 

5 

•S              -H                    0)                                c 

-p 

0} 

"3 

•5    rH 

u 

O                 O                       C                                   -H 

c 

-H 

H 

Q> 

'r 

•a;               <;                    -rl          ffl    0)                C 

fH 

>. 

-P 

O 

^ 

^ 

G                       Q)                                   +3           C    C                 CO 

(U 

43 

Q) 

T' 

• 

-P 

•H 

be: 

CO 

^ 

.5 

O 

Vi 

Jh 

7Z 

t 

O 

i? 

•v 

0) 

0 

C  -H    C    C    ^1     O    C    CO   -H  -H  -H           C  -H    Q)  -ri    M    ^ 
•H-p    O-HCO    G)<H-prHOC'H.H^rHO    O    C 

«H 

r 

^>«, 

H 

Q) 

-p 

* 

J3 

o 

lQtOgtlOft;Hf-l0O!>>COrHrH-PO0ha) 

fe>-H   g  ;<   wj:;   (UH^Hr-THcg  co   O)  co  <;j>.j:; 

CO 
Eh 

^ 

• 

12 


% 

o 

-a 


<D 
H 

t 


3  ^ 


O 


On 


CN 
CM 


o 


CO 
Eh 

o 


On 


On 
CO 


-i 

X) 

o 
o 


On  cm  On  OnvO  V\  CJ  H  H  d^r- On  H-:?  OvOIA  OIA 

CO  cvJo^ONOccHr-OONr^Hcvjcoc^vOOc^r^ 

•  •••••••••••••••••• 

oo  r^  cvj  r^.JS'Lrvr^.jj  c>\  c^N.^.^  OJ_a  H  r^  c^  r-1.3 


O  OJONOC^ONNOONC\I_a^ONONNOC\JC~-NO"LACMO 

c\j     \Or-'NOCMOr~-_3'C\Jro\o'u>cvr^coONf-cooo 


H 


o 

NO 


lA 


c 

O 


CMcvim-^fkAcvi-acvj  Or^r^CM. 


■  H  o^nO  H. 


r-     cvj_3-ocjONr^'iAO^-cvjHc--cviCMC^ooc^r- 

oo       r- f»^ -LA  CNJ  CO  oo  lA  r^  oo  On  lA  H  r^  H  UN  r— UN  oo 
UN       CVJ  OJ  c^_a -=t  CJ-Zj  CNJ   O  (^  m  OJ,^  rH  r^  NO  rH -3 


_:?  CO  CO  r^  r—  O  r^ 
\0  CNiXA  CVJ  cjnco  u^ 


iUNH_3^0nU\UN0n-=ICMn0 
1  C^OUNUNr^HUNf-C--UN 


NO      c\J  CNJ  r^,it-:t  cvi_a^  C\J  0_3^  r^  CNj  _=!  rH  c^vO  (-l_;J 


UN      CN  O  CM  ^d'  O  .J- CN  C>v  r^  H -J' O  UN  OO  _;t  r- UN  H 
CO      NO  ri-\  J  r^N  CNi  C^^  U\  r^  U\  H  vO  0O_^  H  UN  r^  UN  NO 


CMCMr^_a^VACM_:JHO_=rc^CM_=frHf*NNOH_=t 


^-       HOOHr^OOt^NOONOHUxHvOJ'UNCNHH 
CA      UN  CMnO  r^v  On  r--UN  On  ^- CnUNnO  f^  CMUN  r- C^NO 

NO       CM  CM  c^_=t_a  CM_3  <H  O  (VN  r^  CM,3  H  f*\<5  H_^ 


C^      CMUN_3-CO  NO  O  H  r~-NO  O  0^  CM  H  CM  0_:J  0_J 
O      NO  CM_Ct  CM  CA  C^vNO -^UN  H  ^  0O_=r  CMXA  C— CTvNO 

NO      cvj  CM  r^_=f  _=r  CM_3  H  O  J- r^  CM_:J  H  r^NO  H_:^ 


>-      On  On>- On  OnnO  r^UN_cf_d^  t^oo  XAnO  _::tCO  COIA 
H       r-CMC—  CC^NOUNOOOOCOr^UNCMr-iOONONOO 

^-      CO  CM  r^  J- .^  CM  _:J  CM  O  r^  r^  CM  _3  iH  r^  nO  H  _3 


UN      OnO  UN  On_::junU\  O  O  c^  CM  en  C^UN  O  CM_:j  O 
On      nOCMnOOOvC— UNr^HOUNHCOOxUNC-C^Ov 


NO        CM  CM  f»N  _a -^  CM  _a  CV  H  ^  O^  CM  _3- 
H  f»N  r-H 


C^vO   H_3 


(D 

C 

•H  CO 

0)  TJ  -H 

C  -H  C 

•H  -P  O 

W    W  6 


•H 
O 


0)  o   c 

■rj  +3    C 

c  ;-,  o 

•H  m    <D 

!>>'H  s  ^^  CO  x: 

i^W  <  <  <  £h 


•H 

o 

< 

o 


to 
■p 

7i 


c 

•H 

CO  O  Oh  O 


c 

•H 
-P 

to 

>> 
O 


c 

•H 

C  <H 

>>  ci3  H  H  +3 

■  H  CO    to    (D 

<  w  >  a 


Q) 

c 

•H 
C 

o 

•H 

J3 


C 

•H 
C 
CO 

iH 
CO 

CD 


^^^£ 


73 

O 
O 

o 

CO 

CO 
•H 
G 
O 

I 
CO 

-O 
C 

ro 

(0 

•H 
O 
CO 

O 
C 
•H 

s 

CO 

tH 
O 

CO 

s 
to 
u 

bO 

-p 

§> 

•H 
73 

■n 

CO 


T3 

Q) 
C 
•H 

to 

P 

O  T) 

•H 

CO    O 

a  to 


CO 
C 

to 


O 

c 

•H 

s 
to 


^ 


CM 


'-^On 
OO  CM 
CM  UN 


-P 

o 


o 

r^ 

H 

^v 

r^ 

O 

Sh 

-=I 

CO 

• 

(5 

M 

<D 

^ 

^ 

to 

a> 

•> 

CN 

^ 

CN 

r^  ^ 

r^ 

P 

H  H 

^ — 

o 

CO 

<D 

iH 

+3 

rH 

•H 

^ 

^ 

n^ 


60 

u 


CO 

o 

o 

r-l  C 
•H  Q) 
pL,  CO 


I      I      I      I 

r^_d^UNNO 
CJN  CN  0\  On 
CM   CM  CM  CM 


o  o 

o  o 

O  H 
H  r^ 


CD 

O 

■P 

to 

x: 

Eh 


NO   '-^ 
CM  CO 

v_- -oo 

CO  CM 


-p 
c 

<D 
O    <D 

o  j:: 

•P 
c  ^ 

•H    >> 
CD  ^ 

-P 

O    !-i 
O 


i      I      I      I 

On  O  H  CM 
OO  O.  On  On 
CM  CO  CO  CM 


m 

<D 
•H 

CD 


31 


•H 

n 

CD 

a> 

<D 


u 

-p 

CO 
•H 

o 

S 


UN 

X! 


-P 
O 

H 
« 

0) 

•o 


>^ 


13 


0 

CVJ 

XAOvOOO\V\HvOvOc^c^_Cj-_d"lAr-\AON^£- 

•0 

0} 

<D 

3   0 

XA 

vO  O^CrwO  r^P-vO  0  0\\Ar-\ONC^-^vO  OsJ-OO 

-p 

s 
§ 

H  CN 
0  CJ 

• 

Cvjcvjrr\r^.j^CiJ_3CVJOfnr^CVj,a^Hc^vOH-a 

c 

g 

0 
0 

CM 

"S 

e 

H 

(v\(vM^CMACvjO-CO\AOCMr^(^HC— CVJ_:JCrs 

CO 

iH 

(0 

g 

CJs 

CVJ 

• 

OiH  Oc^CoWr^ONCVjiHCVj  r^Of^vO  P-P-CO 

•S 

0  ^^ 

•» 

d 

C\J 

r^ 

CVJC\J-^r^_3-cvj_=I-=fHr^r^cvu-H(^vOrH_a- 

c 

_=r  CO  ^_^ 
.  0  f- 

s 

« 

H 

c\  H 

0 

Q      • 

g 

M      r^ 

§ 

0)  +5  r^ 

m 

lAIAC^vr^vO  p-lAvOvOvO<X3  0\C^-=I-3-00\AtO 

^^    CO 

te  On 
CO  CM 

0 

r^XAl-rNr— vO_30^rH(^H  Osr^CO   CVJ_:J_CT-3C*- 

T3 

c 

CO 

"-^CJv     •»[C    W) 
00  CM  r^  ^    0) 
CvjlAr^          ^ 

u     • 

• 

H 

Cvjr^_3r^r^Cvj,jlrvH  r^cvj  cvJc^r-l<*^vO  H-3 

c  c 

•H  -H 

«  a. 

-P   to 

txO 
<0 

r^ 

C^OsmCMvOCOvOcO  HvO   0  CTnOCNCO   Or^o^ 

•H 

0 

_=f  CVJ  rr\  ^ 
7^  r-\  cr\    ^ 

^1  CO 

• 

lA 
H 

c^OsCKOr^.j_=tc;Nf-cMOvrvOcvjvor~-i-fN(» 
iHHc^c^r^CVJ_=rl-f\Hr^c^CVj.JHr^vOH_=f 

CO 

g 

•H 

e 

CO 

CO 
+3    t)    to    <D 
0    (D  H  +3 
H    C  H  -H 
•H    0    tD  ±; 
P-.  CO  ^  ^ 

«H      g 

O    fO 

0 

t>-Xf\C>.C^r^iHiH  c^r^CNOv-=tH  OvP-  O  CVI  C^ 

lilt 

CO   ;^ 

On 

• 

vOCOIACJOOOvOvO  C--VO  CM  OvO  iH  r^vO  OwOOO 

0 

f^-^UNvO 

y^ 

«^ 

CVJ 

_=r 

iHr-lr^CVJr^cvj_:d^"LAHr^r^CVj.^iHr<NvOH_3 

C?\  CN  CJs  CJv 

CO 

pring 
r  100 

H 

r^rH 

£0 

e 
to 
u 

CVJ  CVJ  CM  CM 

•rl 
CO 

\A 

_3-C~-Or^-zfLAC^vO  OOsiHvOo^OnvO  r^OsvO 
C^O\ONOC^J-.a-0_zJr-iOvO  OCVjCVjC^c^vO 

M 

CO    Q) 

CO 

CVJ 

0 
0 
^^ 

a 
g^ 

C5 

CN 
CVJ 

^ 

HHc^r^<nCVj_d^vOHr^r^CVJ_3H-JvOrH_3' 

0) 

<D  'H 

s 

■P    05 

C^ 

000  OHP-lA-^r-cfvOr^OC— r-tr^'Lf\I>-_=Ic^ 

•H 

fny^-s 

0 

o  o 

CO 

H 
0\ 
CVJ 

CO 

Xi 
CO 

0    0  '"^ 

0  0  H 

0  H_:t 

.     v-'H  CM  CXD 

4^ 

to 

•H 
«H    S 
O    CO 

1^ 

Hcvj_3r^r^CM_:J"i-ArHr^r^CVJ_3-Hf^NO  r-\  .js 
cnH 

ffi 

^ 

Jh                ^-'v.^CO 

^*-^ 

o  o 

s 

H 

f^CNH  Qf^r^r^TACVj_d-HvO  CJsr^co  HvO  O 
C^OsH  OvO_C3-3-CVJCO  r-l  OnIAOO  CVj_=fvO  C—  O 

TJ 

0       Jh              _:j 

N         0    ^     to   CVJ 

0 

•H 

0 

0 

vO 

0 

>?    "^  fj  'd  '-' 

P- 

43    to 

;s 

CA 

• 

c 

r-f       0   -H    g^^-' 

• 

•H    E 

CVl 

lA 

c-{  e-l-^r^r^CVj-UMD  iH  r^cvj  CMr^H  r^^O  i-llA 

•H 

CO       +3   ^    D* 

\A 

to    CO 

H 

cr\  H 

CO 

C        CO   iH    Jh     0 

0    ^1 

ex.  hD 

+> 

to       X!    0    to    0 

X 

^ 

e-4    CO  S  hJ 

Ew 

0  'O              ... 

s 

0 

■Lf\ 

-lA<3sOCO_3-|Hr-l  [^(--ONj^CO.cr_=r<^<^1-<M>- 

•H         1      1      1      1 

0  to 

CJs 

r— 

cc  0  C  OoojT^r^  0  CVJ  cjnc^co  cvj_:JXA_;Jco 

CO 

0 

c 

fn 

x> 

• 

•      ••••••••••••••••• 

EO 

CO      On  0  H  CM 

•H 

T)    0 

CVl 

\A 

HCvj_3T^r^CVj.::lvOcvjr^CMCvjr^Hr^vOiH_::t 

p: 

CO  On  On  CN 

0 

•H    0 

iH 

r^rH 

0      CM  CM  CM  CM 

43 

0   H 

-P 

C 

0 

CD  <H 

C  -H 

u 

0) 

g 

eu 

0   43 

-P 

CO 

C    CO 

c 

H 

S 

S      :S          0.               S 

0    0) 

0  JS       to 

CO 

-§> 

(^ 

00                         C                                      -H 

+3          0 

•0 

Q) 

% 

<t;            «j                 -H        0)  a>             c 

c 

•H 

':;1 

J3 

©                       (P                                   43           C    C                 CO 

•H 

!>j     43 

0 

• 

jIc 

C          tUOC          0                       tO-H-H           <DH 

Q)  ^         0 

'J!? 

_3 

3 

c 

•HtOC-H-H         .HQ)<D(D>i,         COQCcO 

-P 

•H 

M 

B 

•ri 

0 

^        U 

(U 

0 

C  -H    C    C    ;^    0    C    to  -H  -H  -H           C   -H    03  -H    TO    >> 

k, 

P       ^ 

•s 

H 

<D 

4J 

•H+>    O-H    CO    (D'H-PrH    CJ    C«H.HX:<-I    O    O    C 

•^    o> 

..^ 

^ 

•n 

0 

iotogbflP4t(JH::3O|>jcOrHH+5O0;Ha; 

fe,-H    Ef-itO^tBrH^HP^^iH    COcO    (D    tO    9J>^J3 

i-T3:"<<a!-3;EHcoo&HC3<i;K>SM>-i&-<eM 

* 

% 

to 

E-t 

0 
0 

fi 

1 

Ih 


are  reported  on  the  same  basis  as  those  in  Tables  1  and  2.  Only  small 
differences  were  found  when  comparing  the  Northern  Spring  varieties. 
Soft  Red  Winter,  White  Club  and  Durum  wheats. 

Comparisons  between  classes  of  wheat  should  be  made  with  extreme 
caution  because  of  the  differing  levels  of  total  protein.  Amino  acid 
distribution  has  been  found  to  change  with  tots(l  protein  as  is  demon- 
strated in  this  research  and  by  the  work  of  others.  Thus  in  comparing 
classes  with  different  levels  of  protein,  one  would  be  unable  to  dis- 
tinguish between  variations  due  to  class  of  wheat  and  variations  caused 
by  the  different  protein  levels. 

Duplicate  analyses  of  amino  acids  were  made  for  only  the  l6  samples 

of  whole  wheat.  The  values  in  Tables  1  and  3  are  reported  as  averages 

of  these  duplicate  analyses.  The  accuracy  of  the  analysis  is  indicated 

in  Table  $  which  lists  the  average  difference  between  duplicate  analyses. 

This  shows  the  results  of  taking  the  difference  between  duplicate  analyses 

for  each  of  the  l6  composites  and  computing  an  average  of  these  differences. 

Also  listed  is  the  largest  difference  between  duplicate  analyses  for  the 

respective  amino  acids.  It  should  be  noted  the  average  differences  are 

considerably  less,  in  all  cases,  than  the  largest  difference  between  the 

* 
duplicates.    '  .  . 

Nitrogen  Recovery  in  Amino  Acid  Analysis 

The  nitrogen  from  amino  acids  and  ammonia  was  calculated  as  a 
percentage  of  Kjeldahl  nitrogen  (Table  6),  For  the  l6  whole  wheat  com- 
posites an  average  of  91%   of  the  Kjeldahl  nitrogen  vras  accounted  for  with 
a  range  from  86.3  to  95.8  percent.  From  the  analysis  of  the  flour  samples 
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Table  5.  The  average  and  largest  difference  between  duplicate  analyses 

for  16  samples. 

Largest  Average 

Amino  Acid  Difference'*  Difference* 

lysine  0.33  O.lh 

Histidine  0.26  0.12 

Arginine  :..'    '         0.68  0.25 

Aspartic  Acid  0.37  0.09 

Threonine  0.23  0,06 

Serine  0.21  O.O8 

Glutamic  Acid  2.00  0,U7 

Proline  0.50  0.20 

Glycine  ''   :  .,    0.3h  0.09 

Alanine  -    0.30  0.09 

HaK  Cystine  •;-    0.52  0,23 

Valine  0.59  0,l5 

Methionine  0.38  ■  •               0.09 

Isoleucine  0,6U  O.lU 

Leucine  0.23  '    r           0.09 

Tyrosine  .  ■           0.3U  "              0.17 

Phenylalanine  0.52  0.17 

■K- 

Grams  of  amino  acid  per  100  grams  protein 


the  nitrogen  which  was  accounted  for  averaged  95.6^  with  a  range  from 
90.8  to  lOli.li  percent.  These  amounts  of  nitrogen  accounted  for  are  in 
the  same  range  as  reported  by  Hepburn  and  Bradley  (1965), 


Comparison  of  Amino  Acid  Concentration  of  Wheat 
and  its  Flour 


The  amino  acid  composition  of  wheat  and  flour  protein  has  been 
compared  by  several  workers.  Barton-Wright,  et  al,,  (I9U6),  Hepburn, 
et  al.,  (1957,  i960),  Horn,  et  al.,  (1958)  and  Pence,  et  al.,  (196h) 
have  reported  the  effects  of  milling  wheat  into  flour.  In  the  present 
study  the  differences  found  after  milling  Hard  Red  Winter  and  Northern 


Sample 
Number 


1 

2 

3 

1;      -  r- 

5 
6 

7 
8 
9 

10    .^  •. 
11 

12 
13 
Hi 
15 
16 

Overall  Average 


Nitrogen^ 
Accounted  For 
(IfVheat) 


90.3 
88.3 
89.5 
91.9 
90.1 
90.9 
91.0 
88.8 
95.3 
92.1; 
92.2 
9U.U 
91.8 
90.3 
91.6 
86.3 

91.0 


Nitrogen-' 
Accounted  For 
(Flour ) 


% 
95.1 
95.8 
93.3 
96.5 
99.7 
90.8 
93  «7 
93.7 
92.8 
95.2 
9k,9 
93.2 
loU.U 
96.2 
92,7 
99.9 

95.6 


Nitrog 


en  Accounted  For 


Nitrogen  from  the  Amino  Acids 
and  Ammonia 

Kjeldahl  Nitrogen 


X  100 


Spring  wheats  into  flour  are  shown  in  Figs.  1  and  2  respectively.  The 
graphs  indicate  differences  in  the  amounts  of  amino  acid  in  the  proteins 
of  a  wheat  and  its  flour.  Similar  trends  in  amino  acid  composition  were 
found  in  both  Hard  Red  Winter  and  Northern  Spring  classes  of  wheat. 
Milling  the  Hard  Red  Winter  wheat  into  flour  resulted  in  a  decrease  in 
amino  acid  content  of  the  protein  as  indicated:  lysine  29^,  histidine 
12$,  arginine  27$,  aspartic  acid  22$,  threonine  7$,  glycine  l6$,  alanine 
18$,  valine  U$,  and  tyrosine  l6$.  Amino  acids  which  were  more  concentrated 
in  the  flour  protein  were  glutamic  acid  (10$),  proline  (10$),  half  cystine 
(U$),  isoleucine  (5$),  and  phenylalanine  (5$).  These  data  are  similar 
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to  those  reported  in  the  literature  and  indicate  to  some  extent  the 
distribution  of  amino  acids  in  the  wheat  kernel.  The  data  indicate  that 
glutamic  acid,  proline,  isoleucine,  half  cystine,  and  phenylalanine 
are  higher  in  the  protein  of  the  starchy  endosperm  portion  than  in  the 
■whole  wheat.  Milling  of  Northern  Spring  wheat  into  flour  lowered  the 
concentration  of  the  following  amino  acids:  lysine  335^,  histidine  13^, 
arginine  29% ^   aspartic  acid  2U^,  threonine  11^,  glycine  19^,  alanine" 
1S%,   valine  8^,  and  tyrosine  11^.  The  amino  acids  that  were  more  con- 
centrated in  the  flour  than  in  the  wheat  protein  are:  proline  10^, 
glutamic  acid  12% ,   methionine  12%,   and  phenylalanine  S%,     Hepburn, 
et  al.,  (19^7)  showed  similar  trends  -vdien  comparing  the  wheat  and 
flour  of  two  commercial  blends  of  Hard  Red  Spring  wheat  and  two  blends 
of  Hard  Red  Winter  wheat,         ;  •  •., 

Statistical  analyses  were  made  by  use  of  regression  and  correlation 
procedures  according  to  Snedecor  (1956).  All  correlations  computed  were 
based  on  the  data  for  whole  wheat  of  the  various  varieties.  All  protein 
values  are  corrected  to  zero  moisture  content  unless  otherwise  specified, 

A  regression  line  and  correlation  coefficient  was  calculated  for 
the  relationship  of  Kjeldahl  protein  content  (not  corrected  for  moisture) 
and  percent  transraittance  of  the  unbound  dye.  The  statistical  analysis 
was  made  using  data  for  all  l6  varieties  of  wheat.  The  equation  ^  for 
the  regression  line  was  Y  =  0.1;9  X  +3«66  with  a  standard  deviation  of 
0,l429  about  the  line.  The  standard  deviation  of  the  slope  was  0,030, 


2 

In  this  equation  Y  represents  Kjeldahl  protein  content  and  X 

represents  percent  transraittance. 
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A  highly  significant  correlation  (p  <.01)  was  found  between  Kjeldahl 
protein  and  percent  transmittance, 

A  significant  negative  correlation  at  the  1%   level  was  also  found 
between  Kjeldahl  protein  content  and  the  sura  of  the  basic  amino  acids 
lysine,  histidine,  and  arginine  as  percentage  of  the  protein,-*  All  l6 
varieties  were  used  in  this  regression  with  the  intention  of  determining 
the  general  effect  that  increasing  protein  content  has  on  the  concen- 
tration of  basic  amino  acids  in  the  protein.  The  equation^  for  the 
regression  line  was  Y  =  ll.liU  -  0.13  X  with  a  standard  deviation  of 
0.286  about  the  line.  The  slope  had  a  standard  deviation  of  0.035. 

The  samples  were  then  considered  as  two  sets  of  data.  This 
division  into  the  two  classes  of  wheat  was  made  with  the  intention 
of  removing  any  effect  the  class  might  have  on  a  linear  trend  determined 
by  regression  analysis.  One  set  of  samples  consisted  of  the  eight  Hard 
Red  Winter  wheats  with  an  average  Kjeldahl  protein  of  16,12%   and  a  range 
from  12.65$  to  l6.87$.  The  second  group  included  the  five  Northern 
Spring  wheats  comprising  a  l6,605S  Kjeldahl  protein  average  with  a  range 
from  15.85$  to  17.17$.  " 

A  separate  regression  ar^alysis  was  made  for  both  Hard  Red  Winter 
and  Northern  Spring  wheat.  Comparisons  made  were  between  Kjeldahl 


Summation  of  the  grams  of  lysine. 


,  histidine  and  arginine 

■'Basic  amino  acids  as  ^  X  100 

percentage  of  protein   Total  grams  of  amino  acids  and 

ammonia  accounted  for  by  the 
amino  acid  analyzer 

In  this  equation  Y  represents  the  sum  of  the  basic  amino  acids 
and  X  represents  Kjeldahl  protein  content. 
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protein  content  (not  corrected  for  moisture)  and  percer.t  transmittance. 
No  significant  correlation  was  found  between  the  protein  content  and 
percent  transmittance  for  the  Northern  Spring  wheats.  However,  a  highly 
significant  correlation  (p  < .01)  was  observed  when  this  relationship  was 
considered  using  the  Hard  Red  Winter  i/^^eats.  The  equation^  T  =  0.03  X  + 
5,05  for  the  regression  line  was  obtained  for  this  relationship.  As 
stated  before  a  highly  significant  correlation  coefficient  0.988  existed. 
The  standard  deviation  about  the  regression  line  was  0.175  and  the  standard 
deviation  of  the  slope  was  0,032. 

Regressions  and  Correlations  of  Amino  Acids 
with  Kjeldahl  Protein 

The  samples  were  again  considered  as  two  classes  of  wheat.  The 
relationship  of  the  sum  of  the  basic  amino  acids  as  a  percentage  of 
protein*^  and  Kjeldahl  protein  content  was  observed.  No  significant  cor- 
relation was  found  for  this  relationship  when  the  data  from  both  the 
Hard  Red  Winter  and  Northern  Spring  wheats  were  used. 

Each  of  the  17  amino  acids  was  also  considered  as  a  function  of 
the  Kjeldahl  protein  content.  Correlation  coefficients  were  calculated 
for  each  and  a  regression  equation  obtained  for  those  which  were 


^In  this  equation  Y  represents  Kjeldahl  protein  content  and  X 
represents  percent  transmission. 

6  .    Summation  of  the  grams  of  lysine, 

^  .    ,     . ,  histidine  and  arginine 

Basxc  amino  acids  as  ^ .  ^  100 

percentage  of  protein    ^^^^^  ^^^^  ^^  ^^^^   acids  and 

ammonia  accounted  for  by  the 
amino  acid  analyzer 
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significant.  The  unit  of  amino  acid  used  in  the  computation  of  all 

7 

subsequent  correlations  is  expressed  as  the  percentage  of  the  protein. 

The  data  for  those  amino  acids  represented  in  Table  7  were  signi- 
ficantly correlated  with  the.Kjeldahl  protein  content.  These  correlations 
■mere   calculated  from  the  data  of  eight  Hard  Red  Winter  wheat  composites. 

It  is  interesting  that  glutamic  acid  was  the  only  amino  acid  which 
was  correlated  positively  with  Kjeldahl  protein.  This  indicates  the 
concentration  of  glutamic  acid  in  protein  increases  as  the  protein  level 
increases.  The  slope  of  the  trend  line  was  also  found  to  be  larger  as 
compared  to  those  of  the  other  amino  acids  which  indicates  a  larger 
change  in  concentration  with  a  change  in  protein  level.  The  data  from 
the  amino  acids  shown  were  highly  significant  (p  < ,01)  except  for  valine 
vdiich  was  significant  at  the  S%   level. 

The  data  from  the  five  Northern  Spring  wheats  were  treated  statis- 
tically in  the  same  manner  as  those  from  the  Hard  Red  Winter  wheats. 
Significant  results  are  shown  in  Table  8, 

In  Northern  Spring  wheat  glutamic  acid  was  again  found  to  be  posi- 
tively correlated  with  Kjeldahl  protein  content.  The  amounts  of  the 
amino  acids  shown  in  Table  8  were  significantly  correlated  (p  < ,05) 
except  for  threonine  which  was  significantly  correlated  at  the  1%   level. 
Glycine,  half  cystine  and  methionine  were  correlated  with  Kjeldahl  protein 
in  the  Hard  Red  Winter  but  not  in  the  Northern  Spring  wheat. 


7  Grams  of  the  amino  acid 

Amino  acid,  percentage X  100 

of  protein        "   Total  grams  of  amino  acids 

and  ammonia  accounted  for 
by  the  amino  acid  analyzer 
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Regressions  and  Correlations  of  Amino  Acids 
yrith  Dye  Absorption 

Rawlins,  et  al.,  (1927)  and  Fraenkel-Conrat  (19Ui;)  indicated  that 
dye  binding  might  be  used  to  determine  the  total  amount  of  basic  amino 
acids  present  in  proteins.  They  suggested  the  sulfonic  acid  groups  of 
orange  G  dye  would  bind  with  the  guanidine,  imidazole,  and  free  amino 
groups  of  the  protein.  The  protein  sources  used  by  these  workers  were 
not  cereal  grains. 

The  relationship  between  percent  transmission  of  the  unbound  dye 

o 

(acid  orange  12)  and  the  sum  of  the  basic  amino  acids  (lysine,  histidine, 
and  arginine)  was  found  to  be  nonsignificant  in  these  studies.  These 
correlations  were  calculated  for  both  the  Hard  Red  Winter  and  Northern 
Spring  classes  of  wheat. 

Calculations  were  also  made  to  determine  possible  correlations 
between  the  dye  absorbed  and  the  individual  amino  acids.  Shown  in 
Table  9  are  the  significant  correlations  found  when  the  data  of  the 
eight  Hard  Red  Winter  composites  were  used. 

The  data  of  all  the  amino  acids  presented  in  Table  9  are  negatively 
correlated  with  dye  absorption  except  for  glutamic  acid  and  proline. 
The  slopes  are  relatively  small  indicating  that  a  small  change  in  the 
amino  acid  concentration  accompanies  a  large  change  in  the  dye   absorbed. 


Summation  of  the  grams  of 

8„  .    .     .  ,       lysine,  histidine  and  arginine 
Basxc  ammo  acids  as  ^      ' ° x  100 

percentage  of  protein   Total  grams  of  amino  acids  and 

ammonia  accounted  for  by  the 

amino  acid  analyzer 
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It  is  interesting  that  none  of  the  basic  amino  acids  was  significantly 
correlated  with  the  amount  of  dye  absorbed.  When  correlations  of  indi- 
vidual amino  acids  were  made  with  percent  transraittance  for  Northern 
Spring  wheat,  none  were  significantly  correlated. 

SUMMARY  AND  DISCUSSION 

Samples  representing  eight  varieties  of  Hard  Red  Winter  wheat, 
five  varieties  of  Northern  Spring  and  single  varieties  of  Soft  Red 
Winter,  White  Club,  and  Durum  wheats  showed  only  small  differences  when 
amino  acid  levels  were  compared.  Distinct  differences  in  the  amino  acid 
content  of  the  protein  were  noted  between  wheat  and  its  flour.  The 
milling  of  wheat  into  flour  significantly  lowered  the  concentrations  of 
lysine,  histidine,  arginine,  aspartic  acid,  threonine,  glycine,  alanine, 
valine,  and  tyrosine  in  both  Hard  Red  Winter  and  Northern  Spring  wheat. 
In  Hard  Red  Winter  wheat  the  amino  acids  which  were  more  concentrated 
in  the  flour  than  in  the  wheat  included  glutamic  acid,  proline,  half 
cystine,  isoleucine  and  phenylalanine.  In  Northern  Spring  wheat  glutamic 
acid,  proline,  phenylalanine,  and  methionine  were  more  concentrated  in 
the  flour  than  in  the  wheat, 

Kjeldahl  protein  content  was  significantly  correlated  with  the 
ability  of  the  samples  to  bind  acid  orange  12  dye.  Protein  levels 
determined  in  this  way  were  negatively  correlated  with  the  sum  of  the 
basic  amino  acids  (lysine,  histidine,  and  arginine)  when  data  from  all 
16  varieties  were  used.  However,  when  the  samples  were  divided  into 
Hard  Red  Winter  wheat  and  Northern  Spring  wheat  there  failed  to  be  a 
significant  correlation  between  the  sum  of  the  basic  amino  acids  and  the 
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amount  of  dye  absorbed, 

Amino  acid  data  from  the  Hard  Red  Winter  wheat  were  found  to  be 
correlated  with  Kjeldahl  protein.  Negative  correlations  were  observed 
with  threonine,  serine,  glycine,  half  cystine,  and  methionine.  Glutamic 
acid,  however,  was  found  to  be  positively  correlated  with  protein. 

The  amino  acid  concentrations  in  the  Tirinter  wheat  were  also  found 
to  be  related  with  dye  binding  capacities.  The  following  amino  acids 
were  found  to  be  negatively  correlated  with  dye  binding  capacity  as 
measured  by  the  percent  transmittance :  threonine,  serine,  glycine, 
half  cystine,  valine,  methionine,  leucine,  and  tyrosine.  Glutamic  acid 
was  found  to  be  positively  correlated  with  the  amount  of  dye  absorbed, 

\1hen   the  data  for  the  basic  amino  acids  were  combined  and  cor- 
related with  the  percent  transmission  of  the  dye,  no  significant  cor- 
relations were  noted  for  the  winter  and  spring  wheats, 

Amino  acid  data  from  the  Northern  Spring  wheat  were  correlated 
with  Kjeldahl  protein.  When  the  correlations  were  calculated,  threonine, 
serine,  and  valine  were  found  to  have  significant  negative  correlations 
while  glutamic  acid  had  a  significant  positive  correlation.  Northern 
Spring  wheat  data  were  also  related  with  percent  transmittance  and  no 
correlations  were  significant. 

SUGGESTIONS  FOR  FUTURE  RESEARCH 

The  results  of  this  preliminary  study  indicate  dye  binding  tech- 
niques may  be  useful  as  a  means  of  estimating  the  relative  amino  acid 
composition  of  protein.  More  research  must  be  done  in  an  attempt  to 
determine  reliable  regression  trends  or  relationships  between  the  various 
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amino  acids  and  the  ability  of  protein  to  bind  dye.  From  these  relation- 
ships one  could,  in  table  form,  present  the  levels  of  the  various  amino 
acids  with  respect  to  the  amount  of  dye  absorbed.  By  use  of  the  table 
and  estimation  of  the  amino  acid  concentration  could  be  made. 

Relationships  should  be  observed  between  dye  binding  and  various    ' 
methods  used  to  determine  flour  and  baking  quality  of  wheat.  If  signi- 
ficant correlations  were  found,  perhaps  the  dye  analysis  would  prove  to 
be  a  rapid  method  for  estimating  quality  traits. 

Other  studies  should  be  conducted  on  hydrolysis  procedures  when 
working  with  large  amounts  of  carbohydrate.  Little  work  has  been  re- 
ported on  hydrolyses  carried  out  under  these  conditions.  These  condi- 
tions are  common  when  preparing  cereal  hydrolyzates  for  ion  exchange 
chromatography.  Also,  research  should  be  conducted  to  determine  the 
effect,  if  any,  that  carbohydrates  have  on  the  recovery  of  amino  acids. 

Genetic  studies  to  magnify  the  small  differences  in  amino  acid 
composition  within  different  varieties  of  wheat  might  be  an  extremely 
fruitful  area  of  research.  This  should  be  done  with  the  intention  of 
increasing  the  amounts  of  nutritionally  essential  amino  acids  or  in- 
creasing the  concentration  of  other  critical  amino  acids. 
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Fig.  19.  The  correlation  between  Kjeldahl 

protein  content  and  percent  serine 
in  protein  of  Northern  Spring  wheat. 
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Fig.  20.  The  correlation  between  Kjeldahl 
protein  content  and  the  percent 
glutamic  acid  in  protein  of 
Northern  Spring  wheat. 
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Fig,   21.     The  correlation  between  Kjeldahl 
protein  content  and  the  percent 
threonine  in  protein  of  Northern 
Spring  wheat. 
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Fig.   22.     The  correlation  between  Kjeldahl 

protein  content  and  percent  valine 
in  protein  of  Northern  Spring  wheat. 
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Sixteen  pure  varieties  of  wheat  were  obtained  from  various  areas 
in  the  United  States,  The  amino  acid  composition  of  the  wheats  and  their 
flour 3  ^iis  dcitorrained  using  a  Beckman  Model  120B  Amino  Acid  Analyzer, 
Xh<j  anting  acids  analyzed  for  were  lysine,  histidine,  arginine,  aspartic 
acid,  threonine,  serine,  glutamic  acid,  proline,  glycine,  alanine, 
half  cystine,  valine,  methionine,  isoleucine,  leucine,  tyrosine,  and 
rhanylalanine.  The  amino  acids  are  reported  as  grams  of  amino  acid 
in  100  grams  protein  calculated  from  the  analyzer. 

Protein  determinations  were  made  on  the  l6  composites  by  the 
KJeldahl  procedure.  The  samples  were  also  reacted  with  acid  orange  12 
dye  to  determine  the  amount  of  dye  bound  by  the  protein.  Light  trans- 
mittance  was  determined  on  the  unbound  portion  of  the  dye. 

Little  or  no  differences  in  amino  acid  concentration  were  observed 
among  varieties  of  vdieat.  Those  small  differences  noted  possibly  could 
have  arisen  due  to  the  variation  in  the  protein  content  between  varieties. 

Studies  of  the  amino  acid  composition  indicated  differences  between 
wheat  and  its  flour.  The  differences  found  between  the  Hard  Red  Winter 
wheat  and  its  flour  parallel  very  closely  those  found  in  the  Northern 
Spring  wheats.  The  milling  of  the  wheat  into  flour  lowered  the  amino 
acid  concentration  in  the  protein  for  the  following  amino  acids  in  both 
the  Hard  Red  Winter  and  Northern  Spring  wheats:  lysine,  histidine, 
arginine,  aspartic  acid,  threonine,  glycine,  alanine,  valine,  and  tyrosine. 
Those  which  were  more  concentrated  in  the  flour  protein  for  both  classes 
of  wheat  were  glutamic  acid,  proline,  and  phenylalanine.  Half  cystine 
and  isoleucine  concentrations  were  somewhat  increased  in  the  Hard  Red 
Winter  wheat  flour  while  methionine  was  substantially  increased  in  the 


flour  of  the  Northern  Spring  wheat, 

A  positive  correlation  was  observed  between  Kjeldahl  protein-'- 
content  and  percent  transmittance  of  the  unbound  dye  as  determined  by 
the  Udy  instrument  when  using  data  from  all  l6  varieties  of  wheat, 
■yShen  the  Hard  Red  Winter  wheat  data  were  considered  alone,  there  was  a 
significant  positive  correlation  between  Kjeldahl  protein  content  and 
percent  transmittance.  No  significant  correlation  was  found,  however, 
when  using  the  data  from  the  Northern  Spring  composites » 

Kjeldahl  protein  content  was  found  to  be  negatively  correlated 
with  the  sum  of  the  basic  amino  acids-^  lysine,  histidine,  and  arginine 
by  use  of  data  from  each  of  the  l6  varieites  of  wheat.  However,  when 
the  16  composites  were  divided  into  the  two  classes.  Hard  Red  Winter 
wheat  and  Northern  Spring  wheat,  no  significant  correlation  was  observed 
between  Kjeldahl  protein  and  the  sum  of  the  basic  amino  acids. 

Each  of  the  17  amino  acids  was  considered  as  a  function  of  Kjeldahl 
protein.  The  unit  of  amino  acid  used  in  the  computation  of  all  subsequent 


The  Kjeldahl  protein  was  not  corrected  for  moisture, 

2 

The  values  for  Kjeldahl  protein  used  in  this  correlation  and  in 

following  correlations  will  be  corrected  to  zero  moisture  content, 

3 

Summation  of  the  grams  of 

lysine,  histidine  and  arginine 

Basic  amino  acids  as  *  X  100 

percentage  of  protein   Total  grams  of  amino  acids  and 

ammonia  accounted  for  by  the 
-     amino  acid  analyzer 


correlations  will  be  expressed  as  percentage  of  the  protein,^ 

Correlations  were  calculated  using  data  for  the  Hard  Red  Winter 
wheat  composites.  The  amino  acids  which  were  found  to  have  significant 
negative  correlations  were  threonine,  serine,  glycine,  half  cystine, 
methionine,  and  valine.  Glutamic  acid  had  a  significant  positive  cor- 
relation, . The  same  statistical  analysis  was  made  using  the  data  from 
the  Northern  Spring  wheats.  Threonine,  serine,  and  valine  were  found 
to  be  negatively  correlated.  Glutamic  acid  was  again  positively  cor- 
related. 

Correlations  calculated  to  determine  the  relationship  of  percent 
transmittance  of  unbound  dye  and  the  sura  of  the  basic  amino  acids  were 
nonsignificant  for  both  Hard  Red  Winter  wheat  and  Northern  Spring  wheat. 

A  study  was  made  to  determine  possible  correlations  between  dye 
binding  and  the  individual  amino  acids.  The  Hard  Red  Winter  wheat  com- 
posites were  found  to  have  significant  negative  correlations  with: 
threonine,  serine,  glycine,  half  cystine,  valine  and  methionine. 
Glutamic  acid  had  a  significant  positive  correlation. 

When  correlations  were  calculated  using  the  Northern  Spring  wheat 
data,  none  were  found  to  be  significant. 

The  data  reported  in  this  paper  are  preliminary  in  character.  How- 
ever, they  do  indicate  a  need  for  further  research  into  the  relationships 
between  dye  binding  and  amino  acid  composition. 


Grams  of  the  amino  acid 

Amino  acid,  percentage  «  Total  grams  of  amino  acids 
of  protein  and  ammonia  accounted  for 

by  the  amino  acid  analyzer 


